Five strains each of Neisseria gonorrhoeae sensitive or resistant to complement (C) dependent killing by normal human serum (NHS) IgG titers in NHS against LOS antigens from individual serum-resistant strains also correlated with magnitude of chemotaxis generated by the corresponding opsonized strains (r = 0.87), although most opsonized serum-resistant strains did not generate significantly higher magnitudes of chemotaxis than controls. In contrast, a serum-resistant isolate from a patient with disseminated gonococcal infection (DGI) stimulated chemotaxis when opsonized with IgG obtained from the patient's convalescent serum. By Western blot, convalescent IgG antibody recognized an additional determinant on serum-resistant LOS not seen by normal IgG.
Introduction
Neisseria gonorrhoeae are capable of causing a diverse array of syndromes in the hosts they infect. These syndromes range from the total absence of signs or symptoms at the local site of infection, as occurs commonly in disseminated gonococcal infection (DGI),' to a marked local inflammatory response as exemplified Receivedfor publication 22 August 1986 and in revisedform 28 January 1987. by acute salpingitis. A number of attributes have been associated with gonococci that manifest different clinical potential. The most solidly established that bears on the inflammatory potential of the organism at the local site of infection, is the resistance of gonococci causing disseminated infection to the complement (C)-dependent bactericidal action of normal human serum (serum resistance) (1) (2) (3) (4) . This mechanism may confer upon the organism the ability to escape local defenses, enable it to penetrate mucosal barriers to reach the bloodstream, and then to disseminate. Serum-resistant organisms often persist at local sites of infection without promoting clinically significant inflammation as evidenced by a disproportionate representation ofthese strains in asymptomatic men (5) and by the frequent lack of local symptoms that accompany disseminated infection (6, 7) . In contrast, serum-sensitive N. gonorrhoeae often are associated with symptomatic local infection in both men and women and may be especially related to the severity of the inflammatory response in women with acute salpingitis (2) . Serum-sensitive gonococcal isolates more rapidly generate CSa, the complementderived neutrophil chemoattractant when incubated in normal serum (3) and are more rapidly and completely phagocytosed by neutrophils (PMNs) in vitro (8) than serum-resistant strains. Thus, generation of an inflammatory response by gonococci appears to be conducive to the localization of disease and the prevention of bacteremic spread of infection, as evidenced clinically by the rarity with which acute salpingitis leads to DGI (6, 9, 10) .
Killing of serum-sensitive gonococci in normal human serum (NHS) requires IgM (2, 1 1) specific for antigenic constituents of gonococcal lipooligosaccharides (LOS) (12) . Even at low concentrations these antibodies promote killing, in the presence of small amounts of complement such as might be found in normal cervical mucus (13) . We report here the immunoglobulin isotype specificity and the role of antibodies directed against LOS antigens in promoting the generation of complement dependent neutrophil chemotaxis by serum-sensitive and resistant gonococci.
Methods
Source ofimmunoglobulins and specific antibodies. Serum was obtained, as described (2) , from 20 normal volunteers (10 women and 10 men) who had no history ofNeisseria infection and who were taking no medications. Pooled sera from these individuals was used for the fractionation of normal immunoglobulins. A serum from a single donor was used to prepare IgM antibodies specific for LOS antigens from strain 24-1, a serum-sensitive gonococcal strain. Sera from a patient convalescing from DGI taken at 19, 23, 36 and 61 d after the onset ofsymptoms were each examined for the presence of antibodies to major classes of outer membrane antigens prepared from the infecting strain (serum-resistant strain 71-H). The 23-day serum (14) , was also fractionated and used in bactericidal and chemotaxis assays that employed the resistant organism that had infected the DGI patient.
Strains. 10 strains ofN. gonorrhoeae identified by standard methods were used. All were clinical isolates and were chosen because they exhibited resistance or sensitivity to normal human serum as defined previously for these strains (2) and reestablished in these studies. Resistant strains were isolated from three patients with DGI, one with pelvic inflammatory disease (PID) and one patient with uncomplicated genital infection. Sensitive strains were isolated from four patients with PID and one uncomplicated genital infection. Isogenic nonpiliated (P-) transparent (Tr) gonococci were used for preparation of antigens and in the chemotaxis studies.
Media and growth conditions. Transparent, nonpiliated phenotypes of gonococci were grown in mass culture on petri dishes containing a clear media of trypticase and thiotone peptones (BBL, Div. Becton, Dickinson & Co., Cockeysville, MD), plus salts and soluble starch, prepared according to the methods of James and Swanson (15) .
Preparation of antigens. LOSs were prepared from whole bacteria using a modification (16) ofhot phenol water extraction (17) . LOS preparations were judged pure according to the following criteria: (a) elution as a single peak in the void volume of Sepharose 4B (Pharmacia Fine Chemicals, Piscataway, NJ) in gel filtration; (b) 83.5% of dry weight (mean dry weight of LOSs from the 10 strains) accounted for as: hexose (47.8% [18] ), 3-deoxy-inanno-octulosonic acid (KDO) (7.74% [19, 20] ), fatty acid (26.85% [16] ) and < 1.1% protein (21) ; (c) lack of absorption maxima in the 210 to 300 nm region of the ultraviolet spectrum (22) ; and (d) lack of characteristic proteins found in gonococcal outer membranes assessed by sodium-dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE) (23, 24) .
Outer membrane proteins (OMPs) freed ofLOS were prepared from outer membranes ofeach gonococcal strain by detergent chromatography according to methods described previously (14) . Less than 0.25% LOS contamination ofOMPs was demonstrated by SDS-PAGE (25) employing a modified (16) silver stain (26, 27) .
Preparation ofantibodies. Immunoglobulins M and G were separated from individual and pooled normal human serum, and DWI patient 71-H immune convalescent serum by sequential molecular sieve and anion exchange chromatography as described previously (2, 14) .
Antibodies directed against LOS antigens from a single serum-sensitive strain (24-1) were immunopurified from the IgM fraction of normal human serum. LOS from this sensitive strain was used to construct an immunoabsorbant for the purification of anti-LOS antibody. LOS was first modified by hydrazinolysis to generate free amines on the antigen (28) to facilitate coupling by cyanogen bromide activated Sepharose 4B (Pharmacia Fine Chemicals). The hydrazide derivative was characterized in the following manner: (a) the carbohydrate content of the derivative was 1.8-fold greater than the whole LOS (18); (b) the fatty acid content was < 6% (16) (33, 34) . LOS-hydrazide (30 mg) was dissolved in 15 ml of 0.1 M NaHCO3 buffer containing 0.5 M NaCI (pH 8.3) and gently mixed with the activated gel resuspended in 15 ml of the NaHCO3 buffer solution. After overnight incubation at 4°C, the remaining reactive groups were blocked by incubating the gel with 0.1 M Tris-HCI (pH 8.0) for 2 h at room temperature: Control gels were also prepared using mock activation (gonococcal LOS omitted in the coupling reaction), followed by blocking of active sites with Tris-HCl. The IgM preparation (0.5 to 1.5 ml) was equilibrated in PBS with 0.5% added Tween-20 and applied to columns containing the gels (40C) overnight and the effluents washed through with PBS-Tween. Effluents were absorbed with beads made of a copolymer of styrene-divinylbenzene (Bio-Beads SM-Z, Bio-Rad Laboratories, Richmond, CA) (35) to remove Tween. Additional samples ofIgM were applied to columns and the same procedure repeated for a total of three runs through the columns. After a final wash with PBS the columns were brought to room temperature, the PBS exchanged for 2 M KI and after an hour the antibody was eluted from the columns with additional 2 M KI. Effluents and eluents were exchanged into 0.15 M NaCCl, concentrated, and used promptly in the immunologic assays.
ELISA. Direct binding activity for outer membrane antigens was determined by ELISA (36). As described previously (16) , several dilutions of each specimen were tested and titers were expressed as the limiting dilution that gave 0.3 OD. Coating concentrations of 60 ,g/ml for LOS and 10 ug/ml for OMPs were predetermined to give optimal readings.
Conjugates were validated for their specificity in recognizing the designated isotype (16) . IgM and IgG antibody titers directed against outer membrane antigens were measured with the purified immunoglobulin preparations and in whole sera (convalescent immune and normal) and the activity found to be similar as judged by the endpoint ELISA titers (range: from -13% to + 12%). These results indicated that isotype specific titers against LOSs measured in whole serum were not reduced by the presence of antibodies of other classes.
Each ELISA experiment was performed on three separate occasions and the standard error of the geometric mean titer of the three results was used as a measure of variance. Differences in mean titers of isotype specific ELISA directed against LOSs from each of the two groups (serum sensitive and resistant) were compared using the two-tailed t statistic. (38) .
Bactericidal assay. The bactericidal assay used in this study was a modification of a previously described procedure (39) . Sera, immunoglobulin preparations or antibodies prepared by affinity chromatography were used as sources of antibodies in the bactericidal reactions and were diluted with Gey's balanced salt solution. The complement (C) source was the serum of a 27-yr-old woman with acquired agammaglobulinemia (3, 40) . The concentration of C used with serum-sensitive gonococci was optimized in preliminary experiments that employed excess bactericidal antibody (560C X 30 min) and varying concentrations of C. The concentration of C chosen was twice the lowest concentration that supported maximal killing. The 71-H DGI convalescent immune serum used in this study, when employed in concentrations varying from 0.5% to 6%, killed the homologous infecting strain (14) , and was used at concentrations that coincided with those of IgG and IgM isolated from this serum that were used in the chemotaxis experiments.
Results of bactericidal experiments were expressed as the percent Using the two-tailed t statistic, the means of experiments that employed different sources of immunoglobulins were compared to those in which organisms were incubated in 6% AGS in the absence of added immunoglobulins. (Table II) .
Results
Bactericidal activity ofsera and derived immunoglobulins. The bactericidal capacity of sera and their derived immunoglobulin fractions and the relative purity of thee immunoglobulin preparations are shown in Table I . Pooled NHS diluted to 3% in the reaction volume killed > 50% of the colonies in bactericidal reactions performed with each of the five serum-sensitive strains. The mean and range of killing of these strains is also shown in Chemotactic activity ofserumfractions. Gonococci were first incubated with IgM or IgG separated from NHS at immunoglobulin concentrations of 3%. This was followed by incubation with AGS as a source of complement, to generate the attractant used in the chemotaxis experiments. We have shown previously that in this assay chemotaxis is complement dependent since gonococci incubated in buffer alone did not promote significant activity. In addition the chemotactic factor was identified as CSa by co-chromatography with a standard and by the ability of 80 P. Densen, S. Gulati, and P. A. Rice antibody to C5, but not C3, to block chemotactic activity (3). The concentrations of IgG and IgM used in the present experiments (3% that in whole serum) and complement (6% AGS)
were chosen to simulate reported values for these substances in whole normal cervical mucus (13, 42, 43) . The results of these experiments, illustrated in Fig. 1 , portray chemotactic activity that developed during a 30-min incubation of the two groups of strains with immunoglobulins and AGS. Serum-sensitive gonococci, when incubated with IgM and AGS, generated a significantly higher chemotactic stimulus than control incubations. IgG and then AGS incubated with the serum-sensitive organisms did not enhance chemotaxis (Fig. 1 ). IgG and IgM combined, and incubated with serum-sensitive gonococci followed by incubation with AGS also resulted in enhanced activity, suggesting primacy of IgM over IgG for chemotaxis by opsonized serumsensitive organisms in serum containing both these immunoglobulins. Taken as a group, incubation of serum-resistant gonococci in NHS, or with immunoglobulin fractions used singly (IgG or IgM) or together (IgG + IgM) failed to promote chemotactic stimulation above that seen in control incubation with AGS alone. However, IgG with high titered antibody against LOSs from two individual serum-resistant strains, promoted significant chemotaxis (see below).
Immunoglobulins from 71-H DGI immune convalescent serum were used in concentrations varying from 0.5% to 6% that in whole serum in the preincubations with the infecting resistant strain, followed by incubation with C (Fig. 2) . Convalescent IgG, with bactericidal activity directed principally against LOS (14) , generated chemotaxis when tested at concentrations as low as 0.5%. The latter concentration was sixfold less than used for testing IgG from NHS. In contrast, IgM purified from the convalescent serum was unable to generate a chemotactic stimulus when incubated with AGS plus the serum-resistant strain. Antibodies directed against LOS antigens. Additional characterization of chemotaxis mediated by immunoglobulin M or G coated serum-sensitive and resistant N. gonorrhoeae was performed by measuring titers ofisotype specific antibodies in normal and immune sera directed against outer membrane antigens.
Isotype specific ELISA activity was measured in the NHS against whole LOS antigens and OMPs prepared from each of the 10 strains (Table II) . The development ofantibodies directed against these outer membrane antigens prepared from DGI strain 71-H was also measured in sera obtained in convalescence from the patient infected with this strain (Table III) . All antibody titers were maximal at 19 d with levels dropping thereafter. At 61 d all titers were still higher than those measured in the pool of 20 normal human sera against membrane antigens from the 71-H strain (Table II) .
Chemotaxis generated by serum-sensitive strains coated with IgM prepared from NHS showed a linear correlation with IgM titers against corresponding whole LOSs (r = 0.99, Table II and examined this antibody in bactericidal and chemotaxis experiments ( Table V) .
The eluent recovered from the LOS-hydrazide-affinity column was concentrated until the bactericidal titer was equivalent to that in NHS and IgM prepared from NHS (1:84). The resultant antibody titer (IgM-ELISA) directed against the LOS used to prepare the column was 3,345±601. The concentrated eluent lacked antibody reactive with OMPs prepared from the serumsensitive strain as determined by ELISA. When adjusted for LOS titer present in whole serum, the immunopurified preparation accounted for two-thirds of the chemotactic potential and bactericidal activity of whole serum. Purified antibody and C (6% AGS), when used with an unrelated serum-resistant strain, did not promote significant chemotaxis (CTX 105±41), nor did C alone when used with the serum-sensitive strain (CTX 128±40). The anti-LOS titer in the effluent ofnormal human serum, passed over the affinity column, was reduced by 87% compared to the parent serum, (280±32 vs. 2,150±210) but 95% of the anti-OMP titer (795±81 vs. 837±210) was preserved (Table V) . Chemotactic potential and bactericidal antibody titer in the effluent were reduced by 63% (213±58 vs. 588±118) and 75% (1:84 vs. 1:21), respectively. Eluents recovered from control columns had no bactericidal or chemotaxis generating capability and effluents from the columns maintained 85 and 90% of these functions, respectively.
The mean IgG titer in NHS directed against serum-resistant LOSs was 10,085±2290 compared with 4,671±696 (Table IV) against serum-sensitive LOSs, (P < 0.05). As indicated above, IgG fractions derived from NHS failed to promote significant chemotaxis of either serum-sensitive or resistant strains when reactions with each ofthese two groups ofstrains were examined as a whole ( Fig. 1 and Table IV) . However, chemotaxis generated by individual serum-resistant strains preincubated with IgG prepared from NHS showed a linear correlation with IgG titers against individual whole LOSs (r = 0.87, Table II) . Two strains, when opsonized with IgG having high titered activity against the respective LOSs (18,621 ± 1,061 and 10,471±898) promoted chemotaxis greater than 2 SE above the AGS control (Table II) . IgG titers against OMPs showed no correlation with IgG mediated chemotaxis of serum-sensitive or resistant strains. In addition, no significant difference between the mean titers against serum-sensitive vs. resistant OMPs was observed (Table IV) .IgG fractions from 71-H DGI convalescent serum with a homologous anti-LOS titer of41,180±1,055 and bactericidal activity specific for LOS (14) , supported significant chemotaxis of the infecting resistant strain when used at a concentration (0.5% convalescent antibody titers present in sera or derived immunoglobulin fractions used for opsonization. Separated components ofLOSs from a serum-sensitive strain (24-1) and the resistant strain (71-H) isolated from the DGI patient whose immune serum was used in these studies were employed as target antigens. IgM antibodies in NHS recognized a broad band ofa faster moving component(s) of serum-sensitive LOS (Fig. 3, band A in lane 3) that was incompletely seen by IgG (lane 4). This component was not visualized on gels stained with silver nitrate (lane 2) (25) compared to slower moving LOS bands that were recognized both by IgM and IgG in NHS (lanes 3 and 4) . When tested against serumresistant LOS, normal but nonchemotaxic promoting IgM antibodies recognized the same LOS determinants that were identified by convalescent immune IgM (lanes 6 and 7, respectively), the latter having more than twice the titer measured in NHS, yet still unable to promote CTX when opsonized to the infecting strain. Two separate and distinct bands (C and D in lanes 6 and 7) were recognized by IgM and were not clearly recognized by IgG (lanes 8 and 9). Silver stained SDS polyacrylamide gel IgG reacted witi present on some strains of serum-resistant but not serum-sensitive N. gonorrhoeae (44). 2-1-L8 antibody also manifests bactericidal activity against strains that resist killing by NHS when it is used together with human complement (44) .
Discussion
Clinically varied types of gonococcal infection are caused by diverse strains ofN. gonorrhoeae with unique inflammatory potential. The inflammatory responses elicited in human hosts by N. gonorrhoeae are the culmination of direct phlogistic effects caused by the organism or its constituents as well as contributing immunologic responses by the host. N. gonorrhoeae that resist killing by NHS cause DGI and usually produce no symptoms (e.g., inflammation) at local genital sites (6) . Strains sensitive to NHS killing frequently are responsible for the most severe cases of local inflammatory disease, particularly acute salpingitis (2) . Purulent discharge containing numerous PMN is the hallmark of disease in women with acute salpingitis or cervicitis and in males with symptomatic urethritis. The absence of a discharge is characteristic of males with asymptomatic urethritis.
The basis for the unique inflammatory potential exhibited by different gonococci is poorly understood. The capacity of these organisms to stimulate PMN chemotaxis in vitro has been examined as a measure of this potential. Both complement independent and complement-dependent factors have been described (3, (45) (46) (47) . The former have been detected in filtrates of broth cultures of gonococci (46) and in gonococcal lysates (47). The magnitude ofthis chemotactic stimulus is small when compared with that generated by either broth filtrates of other organisms (48) or a complement dependent factor (C5a) produced during incubation of gonococci in serum (3, 45) . Nevertheless, strains with different clinical potential may harbor intrinsically different chemotactic promoting potential that is manifested in the absence of serum and which may be important where concentrations of serum factors are low (49). In these and earlier studies (3), we have established that such a relationship also exists for complement-dependent chemotactic factors generated by gonococci isolated from patients with either symptomatic local disease or DGI. These findings have provided an experimental basis for the clinical observations described above. terious and contribute to the morbidity associated with these infections. Nevertheless rapid and efficient complement-dependent serum-bactericidal activity and neutrophil accumulation are components ofthe host response to N. gonorrhoeae that may be important in preventing DGI. The combination of antibodies measured in female genital secretions directed against specific gonococcal antigens, such as LOS (50) , and the presence ofcomplement suggest a mode ofperpetuating inflammation that may result in a PMN leukocyte response accompanied by symptomatic local disease. Our data indicate a role for antibody in determining the pattern of neutrophil chemotaxis stimulated by serum-sensitive and resistant gonococci in a manner analogous to its role in complement dependent killing of gonococci. These two immunologic mechanisms (chemotaxis and bactericidal reactivity) have in common their facilitation by antibody and complement (1-3). Normal serum contains "natural" bactericidal antibodies of the IgM class (2, 1 1) which are also effective in promoting chemotaxis by serum-sensitive strains. In contrast, serum-resistant strains that react with IgM from normal or convalescent serum do not stimulate chemotaxis indicating that the interaction of IgM with serum-resistant gonococci does not result in the generation ofthe C5a necessary for chemotaxis. More imortant, ELISA testing for antibody ofthe IgM isotype in NHS measured against whole LOS antigens, demonstrated a direct relationship between the height of the specific anti-LOS titer and the magnitude of the chemotactic response induced by serum-sensitive but not resistant strains. In contrast, a relationship between the height of IgG antibody titers for resistant LOS antigens was correlated with the magnitude ofthe chemotactic response induced by serum-resistant but not sensitive strains. While the magnitude of the latter response was meager in NHS, it was prominent in convalescent (DGI) serum.
Numerous studies in addition to this one have confirmed that antibodies directed against LOS antigens ofN. gonorrhoeae are responsible for complement-dependent bactericidal activity (12, 14, 50, 51) . This activity has been ascribed to LOS antibodies ofthe IgM class in NHS, directed against serum-sensitive strains (12, (52) (53) or in the case ofimmune DGI serum, IgG antibodies against serum resistant LOSs that kill these strains (14, 54) . In the studies reported here, we have shown that immunopurified LOS specific IgM, lacking detectable antibody against OMP, promotes chemotactic activity by serum-sensitive gonococci and also mediates complement dependent bactericidal activity. Moreover, it accounted for nearly two-thirds of these activities in NHS. Remaining bactericidal and chemotactic activities in normal and patient convalescent sera may reside with antibodies having separate specificity. Indeed, antibodies directed against gonococcal porin (PI) present in convalescent DGI sera have been shown to contribute to bactericidal activity (55) which was otherwise primarily dictated by LOS antibodies (55). The presence of blocking antibodies directed against PIII (56) , an antigenically common gonococcal membrane protein (57, 58) , may preclude detection of bactericidal activity in sera that have immunologic specificity for mixtures of OMPs that contain both PI and PIII. This may partially explain why in the current and earlier (14) studies, bactericidal activity directed against OMPs was minimal or absent.
In separate experiments, we have shown that incubation in NHS, of the serum-sensitive LOS, used in these studies to prepare the immunoabsorbant, results in the generation of chemotactic C5a in a time and concentration dependent fashion.
In contrast, serum-resistant (71-H) LOS when incubated in NHS failed to generate chemotactic activity (unpublished observations). In addition, we also found in the present studies that although the mean IgM titer in NHS for serum-resistant LOSs was lower than for serum-sensitive LOSs, two individual sera (1 normal, 1 immune convalescent) had 1gM titers against a serumresistant LOS exceeding those against sensitive LOSs, but were also ineffective in promoting chemotaxis by the resistant strain. In other experiments we have found that the kinetics and amount of IgM binding to serum-sensitive and resistant strains incubated in NHS is equal over the range of serum concentrations employed in the present chemotaxis studies (unpublished observations). Thus, diminished chemotaxis by serum-resistant gonococci in NHS is not accounted for solely on the basis of a lower concentration of IgM measured by ELISA against whole LOS antigens ofserum-resistant compared with sensitive organisms or by reduced IgM binding to the resistant isolates. The finding of equivalent IgM binding but different degrees of complement dependent chemotaxis generated by serum-sensitive and resistant strains suggests that complement activation may be modulated at a step prior to C5 cleavage on serum-resistant strains. In contrast to IgG from NHS, we found that IgG antibody from DGI convalescent serum directed against LOS from the homologous infecting strain supported chemotaxis of this strain. Moreover its demonstrated potential was expressed at a titer, measured by ELISA against whole LOS antigen, that in NHS was incapable of supporting chemotaxis by this strain.
We sought to explain these observations by an examination of the immunochemical specificity of IgM and IgG antibodies for components of whole LOS antigens from a serum-sensitive (24-1) and resistant (71-H) strain, separated as bands by SDS-PAGE. Recently reported studies have shown that LOS epitopes may be separated by SDS-PAGE, as evidenced by distinct binding of LOS-specific murine monoclonal antibodies to separated LOS bands in Western blotting experiments (31, 44, 52) . We found that IgM antibodies from NHS which had chemotactic and bactericidal capability for the serum-sensitive strain, recognized a broad, faster migrating LOS component(s) that was incompletely recognized by normal IgG that lacked these functions. In our studies, faster migrating components may represent minor components of LOS with shorter fatty acid composition, or components with insufficient carbohydrate content to oxidize and stain with silver; nonetheless, separate evidence for LOS subspecies binding of IgM as a possible requirement for serum killing has also been provided recently by other studies demonstrating that serum-sensitive N. gonorrhoeae induced to serumresistance lose an LOS band that binds IgM in NHS (59) .
We also observed a distinct location ofbinding by bactericidal and chemotactic IgG from DGI convalescent serum to a band on the LOS of the infecting serum-resistant strain. This band was not recognized by IgM in immune convalescent serum and was minimally recognized by IgG in NHS, neither ofwhich had bactericidal or chemotactic function against this strain. The unique LOS epitope recognized by convalescent IgG antibody on LOS blots is identical in location to the faster migrating LOS epitope recognized by the monoclonal antibody, 2-I-L8 (44 shown to recognize some serum-resistant (e.g., 71 H), but not sensitive (e.g., 24-1) gonococcal LOS antigens, and to manifest bactericidal activity for strains that resist killing by NHS (44) .
Thus, the characteristics and diversity in function of human antibodies both in response to specific antigenic challenge and present as natural antibody against gonococcal LOSs, may be linked to the distinct immunochemical specificity for antigenic determinants within LOS antigens. While the precise mechanism by which this occurs requires further delineation, our findings suggest that unique determinants on the same or related LOS molecules may also differ in their phlogistic potential when recognized by specific immune and natural antibodies of diverse isotypes.
